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If 1. Title of the Invention 

METHOD FOR PRODUCING ALUMINUM NITRIDE SINTERED BODY 

2. Claims 

1. A method for producing an aluminum nitride sintered body, 
comprising: adding, as a sintering aid, (A) 0.05 to 5 parts by weight of one or 
not less than two kinds selected from the group consisting of oxides of 
yttrium, scandium, and lanthanides in terms of oxides, and (B) 0.01 to 5 
parts by weight of one or not less than two kinds of single substances 
selected from the group consisting of metal lithium, metal beryllium, metal 
magnesium, boron, silicon, sulfur, phosphorus, arsenic and metal zinc to 100 
parts by weight of an aluminum nitride powder; forming the mixed powders; 
and firing the formed body at a temperature in a range of 1400°C to 2000°C 
in non-oxidizable atmosphere. 

2. The method for producing an aluminum nitride sintered body 
according to claim 1, comprising: further adding, as a sintering aid, (C) 0.01 
to 5 parts by weight of one or not less than two kinds selected from the 
group consisting of alkali metal oxides and alkali metal compounds to be 
converted to oxides by heating at a temperature of 2000°C or less as well as 
oxides of boron, silicon, germanium, arsenic and phosphorus and compounds 
to be their oxides by heating at a temperature of 2000°C or less in terms of 
oxides to 100 parts by weight of the aluminum nitride powder. 

3. The method for producing an aluminum nitride sintered body 
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according to claim 1, comprising: further adding, as a sintering aid, (D) 0.01 
to 5 parts by weight of one or not less than two kinds of compounds selected 
from the group consisting of metal borides, metal nitrides, metal phosphides, 
metal sulfides, metal silicides, and metal hydrides to 100 parts by weight of 
the aluminum nitride powder. 

4. The method for producing an aluminum nitride sintered body 
according to claim 2, comprising: further adding, as a sintering aid, (D) 0.01 
to 5 parts by weight of one or not less than two kinds of compounds selected 
from the group consisting of metal borides, metal nitrides, metal phosphides, 
metal sulfides, metal silicides, and metal hydrides to 100 parts by weight of 
the aluminum nitride powder. 

5. The method for producing an aluminum nitride sintered body 
according to claim 1, comprising: further adding, as a sintering aid, (E) 0.01 
to 2 parts by weight of one or not less than two kinds of compounds selected 
from oxides of aluminum, gallium, indium, tungsten, bismuth, lead, 
antimony, cadmium and zinc and compounds to be converted to their oxides 
by heating at a temperature of 2000°C or less in terms of oxides to 100 parts 
by weight of the aluminum nitride powder. 

6. The method for producing an aluminum nitride sintered body 
according to claim 5, comprising: further adding, as a sintering aid, (C) 0.01 
to 5 parts by weight of one or not less than two kinds selected from the 
group consisting of alkali metal oxides and alkali metal compounds to be 
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converted to oxides by heating at a temperature of 2000°C or less as well as 
oxides of boron, silicon, germanium, arsenic and phosphorus and compounds 
to be their oxides by heating at a temperature of 2000°C or less in terms of 
oxides to 100 parts by weight of the aluminum nitride powder. 

7. The method for producing an aluminum nitride sintered body 
according to claim 5, comprising: further adding, as a sintering aid, (D) 0.01 
to 5 parts by weight of one or not less than two kinds of compounds selected 
from the group consisting of metal borides, metal nitrides, metal phosphides, 
metal sulfides, metal silicides, and metal hydrides to 100 parts by weight of 
the aluminum nitride powder. 

8. The method for producing an aluminum nitride sintered body 
according to claim 6, comprising: further adding, as a sintering aid, (D) 0.01 
to 5 parts by weight of one or not less than two kinds of compounds selected 
from the group consisting of metal borides, metal nitrides, metal phosphides, 
metal sulfides, metal silicides, and metal hydrides to 100 parts by weight of 
the aluminum nitride powder. 

3. Detailed Description of the Invention 
Field of the Invention 

The present invention relates to a method for producing an 
aluminum nitride sintered body and, more particularly, to a method for 
producing an aluminum nitride sintered body with a thermal conductivity 
high enough to satisfy the industrial requirements. 
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Prior Art 

The use of an A1N sintered body with a high thermal conductivity is 
practically the use as an insulating material such as a substrate material 
for a semiconductor. 

Along with the tendency of high integration, high speed, and high 
output power of semiconductors, the following problems have been drawing 
attentions. That is: 

(1) how efficiently the heat radiated from a semiconductor chip can 
be released to outside of the system: 

(2) delay of signals in a substrate or a package part becomes a 
problem following the improvement of the operation speed: 

(3) the reliability of junction between a chip and a substrate is 
deteriorated owing to the increase of thermal expansion difference between 
them along with the enlargement of the chip size: and 

(4) dielectric breakdown of a substrate tends to be a serious problem 
since the voltage to be used for a high power chip is more and more 
increased. 

In place of conventional alumina, a ceramic for a substrate and a 
package which is capable of solving such problems of semiconductors is 
preferable to have the following properties: 

(1) a thermal conductivity is high; 

(2) an electric insulation is excellent; 

(3) high frequency properties are desirable (a low dielectric constant, 
a low dielectric loss); 

(4) a thermal expansion coefficient is close to that of Si or GaAs; 
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(5) chemical stability is good; 

(6) mechanical strength is high; 

(7) circuit formation is easy; and 

(8) air-tight sealing is possible. 

As a material basically having such properties, A1N is supposed to be 
promising one. 

However, in the case of practical application of an A1N ceramic, the 
following minimum characteristic items have to be satisfied. That is, 

(1) it is preferable that a sintered body is uniform and dense and has 
high mechanical strength and a relative density of 95% or higher: 

(2) the thermal conductivity is as high as possible: 

(3) the volume resistivity is high and required to be 10 12 ft*cm or 
higher: and 

(4) the surface of the sintered body is smooth and flat. 

Among the above-mentioned characteristic items, the item (4) is said 
not indispensable, however in the case of production of a substrate by mass 
production, such a characteristic is advantageous to eliminate processes and 
lower the production cost and in terms of the production technique, it is 
indispensable. Practically, it is desirable that the surface roughness Ra as 
fired is 0.5 |Jm or lower and the warp is 0.1 mm/50 mm or less. 

By a conventional technique, in order to satisfy the above-mentioned 
items (1) and (2), as described in Japanese Examined Patent Publication No. 
46-41003, Y2O3 is used as a sintering aid or as described in Japanese 
Examined Patent Publication No. 58-49510, CaO, BaO, SrO and the like are 
used as sintering aids to obtain ceramics with a thermal conductivity of 
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about 100 W/m*K. However, users require a sintered body having further 
higher thermal conduction properties based on the applications. 

As methods for obtaining sintered bodies with a high thermal 
conductivity, the following have been proposed: 

(i) a method involving thermally treating an A1N powder at 1600°C 
or higher in non-oxidizable atmosphere to lower the oxygen content in the 
powder and then sintering the powder (Japanese Unexamined Patent 
Publication Sho. 61-201668): and 

(ii) a method involving hot-pressing an A1N powder at 1800 to 
2300°C in a pressure of 20 kg/cm 2 or higher and non-oxidizable atmosphere 
after thermal treatment to obtain a thermal conductivity at highest 210 
W/m«K (Japanese Unexamined Patent Publication No. 61-201668). 

However, these methods are not suitable for mass production since 
the property of sintering difficulty of A1N becomes significant for removal of 
a thin oxide film on the A1N surface layer to result in low productivity even 
if a sintering aid is added and impossibility of obtaining a desired sintered 
body unless costly hot pressing method is employed. 

Further, "Journal of Ceramic Society", 25th Basic Discussion on 
Ceramics, 1D03, 3H03 (Jan. 1987) discloses a method for obtaining an A1N 
sintered body with a high thermal conductivity by firing an A1N formed body 
at 1850 to 1950°C for 2 to 96 hours in reducing atmosphere, however even 
by this method, no sintered body to be an A1N substrate excellent in the 
high thermal conduction properties can be obtained. 

On the other hand, Japanese Unexamined Patent Publication No. 
62-52181 discloses a method for producing an A1N sintered body involving 
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sintering a formed body of AIN mixed with carbon 0.2 to 3.4 parts by weight 
on the basis of carbon and yttrium oxide 0.1 to 10 parts by weight as 
sintering aids at a temperature of 1600 to 2100°C. However, the present 
invention does not refer at all to the following points and owing to the 
following problems, the method cannot be said to be a satisfactory method 
for producing an AIN substrate. 

(1) the density of a sintered body is low: 

(2) no electric insulation property is obtained: and 

(3) coloration and sintering unevenness occur. 

Further, techniques of adding a sintering aid of AIN, Y2O3, and C as 
auxiliary agents are disclosed in Japanese Unexamined Patent Publication 
Sho. 61-127667 and 61-219763; however, because of the reason similar to 
those described above, they are not suitable to obtain AIN substrates. 
Further, that is same as described above with respect to Japanese 
Unexamined Patent Publication No. 63-236765. 
Problems to be Solved by the Invention 

With respect to sintered bodies by the above-mentioned conventional 
methods, they have following problems: 

(a) the thermal conductivity is insufficient; 

(b) installation cost for hot press or the like is high and sintering can 
be carried out only by a furnace with a low productivity; 

(c) no electric^ insulation property is provided; and 

(d) no stable property can be obtained. As described above, it can 
be hardly said that the conventional inventions developed before are 
satisfactory to satisfy all of the above-mentioned four items (a) to (d). 
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Accordingly, in order to improve such points, it has been highly 
expected to develop an innovative method for producing an A1N sintered 
body with a high thermal conductivity. 

It is an object of the present invention to provide a method for giving 
a high thermal conductivity of an A1N sintered body while satisfying all of 
the above-mentioned problems described in four items (a) to (d). That is, 
an object of the present invention is to provide a method for producing an 
economical A1N sintered body which is dense and has high thermal 
conductivity and electric resistance and suitable properties as a material for 
such as an electric insulation substrate. 
Means for Solving the Problems 

Taking the above-mentioned problems on conventional techniques 
into consideration, the present inventors have repeatedly made 
investigations in order to improve the thermal conductivity of an aluminum 
nitride sintered body and provide characteristics necessary as a substrate 
and consequently have found the new facts as follows and completed the 
present invention. 

That is, when a sheet -like formed body, which is obtained by adding 
one or not less than two kinds of single substances selected from the group 
consisting of REM and metal lithium, metal beryllium, metal magnesium, 
boron, silicon, sulfur, phosphorus, arsenic and metal zinc to an A1N powder, 
is sintered in a non-oxidizable atmosphere, a ceramic sintered body with a 
high thermal conductivity can be obtained. Herein, REM denotes yttrium, 
scandium, and lanthanides. 

The above-mentioned sintered body satisfies all of the 
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above-mentioned requirements (a) to (d) which are required for the 
above-mentioned insulation substrate. 

Based on the facts, a wide range of investigations have been made 
with respect to the optimum addition ranges for the above-mentioned 
requirements and other elements and compounds and consequently, the 
present invention has been completed. If additional elements and their 
compounds and the addition ranges of them are properly restricted and 
selected, an aluminum nitride-based highly thermally conductive and 
electrically insulating sintered body with a relative density of 95% or higher, 
a thermal conductivity of 160 W/m*K or higher, a surface roughness Ra of 
the surface after firing 0.5 \xm or lower, and a volume resistivity of 10 12 £lcm 
or higher can be obtained. 

That is, such a sintered body can be obtained by adding sintering aid 
of components selected from a group consisting of the following (A) to (E) in 
combinations to 100 parts by weight of an aluminum nitride powder, 
forming the obtained mixture, and firing the formed body at a temperature 
in a range of 1400 to 2000°C in non-oxidizable atmosphere. Groups of 
these components are as follows: 

(A) 0.05 to 5 parts by weight of one or not less than two kinds 
selected from the group consisting of oxides of yttrium, scandium, and 
lanthanides in terms of oxides; 

(B) 0.01 to 5 parts by weight of one or not less than two kinds of 
single substances selected from the group consisting of metal lithium, metal 
beryllium, metal magnesium, boron, silicon, sulfur, phosphorus, arsenic and 
metal zinc; 
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(C) 0.01 to 5 parts by weight of one or not less than two kinds 
selected from the group consisting of alkali metal oxides and alkali metal 
compounds to be converted to oxides by heating at a temperature of 2000°C 
or less as well as oxides of boron, silicon, germanium, arsenic and 
phosphorus and compounds to be their oxides by heating at a temperature of 
2000°C or less in terms of oxides; 

(D) 0.01 to 5 parts by weight of one or not less than two kinds of 
compounds selected from the group consisting of metal borides, metal 
nitrides, metal phosphides, metal sulfides, metal silicides, and metal 
hydrides; and 

(E) 0.01 to 2 parts by weight of one or not less than two kinds of 
compounds selected from oxides of aluminum, gallium, indium, tungsten, 
bismuth, lead, antimony, cadmium and zinc and compounds to be converted 
to their oxides by heating at a temperature of 2000°C or less in terms of 
oxides. 

The combinations of the above-mentioned groups of the components 
are as follows: 



(1) 


(A) + (B); 


(2) 


(A) + (B) + (C); 


(3) 


(A) + (B) + (D); 


(4) 


(A) + (B) + (C) + (D); 


(5) 


(A) + (B) + (E); 


(6) 


(A) + (B) + (E) + (C); 


(7) 


(A) + (B) + (E) + (D); and 


(8) 


(A) + (B) + (E) + (C) + (D). 
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Functions 

The mechanism of the way how the combined additions of these 
sintering aids are effective is not sufficiently made clear, however it is 
supposed as follows. 

In the surface layer of A1N, some kinds of Al oxides although they do 
not form complete AI2O3 exist. Assuming these oxides to be AI2O3, together 
with the foregoing added components (A), for example, Y2O3, a liquid phase 
xAl203-yY203 is produced. Next, any of the components (B), metal lithium, 
metal beryllium, metal magnesium, boron, silicon, sulfur, phosphorus, 
arsenic and metal zinc, is a strong reducing agent and causes a reaction 
with impurity, oxygen, in the aluminum nitride to remove the impurity. 
That is, in a step from the production of the liquid phase to grain growth, 
while oxygen in the A1N surface being reduced by the foregoing components 
(B), the A1N particles can be cleaned. 

It is supposed that the sintered body obtained consequently is one 
ideal as a sintered body for a highly thermally conductive and electrically 
insulating substrate. 

If the addition amount of the foregoing components (A) is less than 
0.05 parts by weight to 100 parts by weight of A1N, the thermal conductivity 
is not so increased and therefore, the requirement is not satisfied. If it is 
more than 5 parts by weight, the grain boundary phase is increased and also 
the thermal conductivity is decreased. 

Further, the addition amount of the foregoing components (B), that 
is, reducing agent components, is less than 0.01 parts by weight to 100 parts 
by weight of A1N, the distribution of the grain boundary phase become 
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uneven and stripe-like patterns are formed. If it is more than 2 parts by 
weight, YN remains and partial coloration takes place to deteriorate the 
appearance. If the addition amount is further increased, the shrinking rate 
at the time of temperature increase becomes high and the grain boundary 
phase is evaporated and therefore sintering cannot be carried out well. 

Next, if the components (C) are added to the forgoing components 
(A) and components (B), since the components (C) are alkali metal oxides or 
glass forming element oxides, they produce liquid phase at a low 
temperature and therefore contribute to sintering promotion owing to the 
liquid phase in grain boundaries, remove the oxides in the surface of A1N 
and further make the grain boundaries uniform owing to glass formation 
and suppress abnormal growth of A1N crystal grains owing to penetration. 
Accordingly, it is made possible to obtain a sintered body with a uniform 
grain size, a high thermal conductivity, a high density, a high insulating 
resistance, and little dispersion of metallizing property. 

If the amount of the components (C) is less than 0.01 parts, uneven 
firing easily occurs attributed to unevenness of the distribution of the 
remaining grain boundary phase. If it is more than 5 parts by weight, 
abnormal grain growth is found taking place at the time of sintering to 
result in low mechanical strength. 

Further, if components (D), that is, metal borides, metal nitrides, 
metal phosphides, metal sulfides, metal silicides, and metal hydrides, are 
added to the foregoing component (A) and component (B), they are all easy 
to form compounds with oxygen and cause reaction with impurity, oxygen, in 
the A1N crystal to remove the impurity and simultaneously, the reaction 
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products become liquid phase and penetrate grain boundaries and thus the 
components exhibit the effect to promote sintering. 

The components (A) added together promote sintering while forming 
liquid phase at a high temperature. Further, the components (B) form 
compounds with oxygen to evaporate oxygen in the grain growth step owing 
to the strong reducing function to result in further improvement of the 
thermal conductivity of A1N. 

The addition amount of the forgoing components (D) is 0.01 to 5 
parts by weight to 100 parts by weight of A1N. If it is less than 0.001 parts 
by weight, the impurity oxygen removal effect is insufficient and even if 
more than 5% by weight of the components are added, the addition effect is 
not improved. 

Further, the components (C) and the components (D) are added in 
combination to the foregoing components (A) and component (B), owing to 
the multiplied effects of the effect to decrease oxygen and the effect to 
decrease the liquid phase formation temperature, an A1N substrate with a 
high thermal conductivity can be obtained. In this case, the addition 
amounts of the components (C) and the components (D) are set to be 
respectively 0.01 to 5 parts by weight to 100 parts of A1N. 

In place of the components (C) and the components (D), the 
components (E), that is, oxides of aluminum, gallium, indium, tungsten, 
bismuth, lead, antimony, cadmium, and zinc, are added to the foregoing 
components (A) and component (B), so that A1N with a high thermal 
conductivity can be obtained. The function of the components (E) can be 
supposed as follows. 
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The compounds of the components (E) cause reaction with 
impurities such as Fe, Ti and the like existing in A1N during sintering 
process to form compounds in grain boundaries and trap them. Fe, Ti, and 
the like existing in A1N interfere thermal conduction and by removing them, 
the thermal conductivity can be improved. 

The addition amount of the components (E) is 0.01 to 5 parts by 
weight to 100 parts by weight of A1N. If less than 0.01 parts by weight, the 
effect to produce compounds by reaction with Fe, Ti and the like is 
insufficient and even if addition exceeds 5% by weight, the effect of the 
addition cannot be improved. 

Quaternary or pentanary sintering aids composed of the foregoing 
components (A), components (B), and components (E) together with the 
components (C) and/or the components (D) are also effective. In this case, 
the characteristics of the respective components are extracted and owing to 
the multiplied effects, the thermal conductivity of A1N can be improved. 

Next, a practical example of a method for producing a product of the 
present invention will be described while using Y2O3 as a component (A) and 
metal Zn as a component (B). 

To 100 parts by weight of an aluminum nitride powder with an 
average particle diameter of 0.1 to 3 |mn, 0.5 to 5 parts by weight ofY203 
and 0.01 to 0.5 parts by weight of metal Zn are added, mixed together and 
dispersed and further after being mixed with a binder, the mixture is formed. 
As a forming method, commonly known methods such as a doctor blade 
method, a press-forming method, a casting forming method, an extrusion 
forming method and the like can be employed. The formed body obtained 
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in such a manner is fired at 1400 to 2000°C in non-oxidizable atmosphere. 

In order to obtain an aluminum nitride sintered body with a high 
thermal conductivity, it is more preferable if impurity oxygen is less, 
however it is acceptable that the impurity oxygen is less than about 1 parts 
by weight. 

Firing is carried out in an A1N crucible and if the firing temperature 
is 1400°C or lower, sintering is stopped in middle and micropores are formed 
attributed to sublimation of A1N particles to result in decrease of the 
thermal conductivity. 

If firing is carried out in atmosphere with an oxygen concentration 
of 500 ppm or higher, oxidation of A1N takes place to make it impossible to 
obtain a highly thermally conductive sintered body. 
Effects of the Invention 

The present invention can provide an aluminum nitride sintered 
body having a thermal conductivity of 160 W/m*K or higher and an 
electrical insulator using the sintered body as a substrate and the sintered 
body and the insulator can be applied to industrial use such as a substrate 
for a hybrid IC, a substrate for surging, heat sinks for a power transistor, a 
power diode, a laser diode and the like. 
Examples 
Example 1 

To 100 parts by weight of an A1N powder with an average particle 
size of 1 jim, Y2O3 with an average particle size of 1 |im and a magnesium 
powder with an average particle size of 1 pm in the amounts respectively 
shown in Table 1 were added together with a toluene-ethanol mixed solvent, 
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sufficiently mixed by a ball mill and pulverized and after that, polyvinyl 
butyral resin was added as a binder to obtain A1N slurries. Using the 
slurries, green sheets were formed by a doctor blade method and punched 
into a size of 65 x 65 mm square to obtain green formed bodies. 

After being degreased at 700°C in N2, they were fired at 1800°C for 3 
hours in N2 atmosphere to obtain A1N plates. 

With respect to the obtained A1N plates, characteristics generally 
required for insulating substrates such as the appearance, the relative 
density, the thermal conductivity, the insulation resistance, the surface 
roughness or the like were measured. The results are shown in Table 1. 

Among the characteristics, the relative density was calculated by 
measuring the densities of the sintered bodies by Archimedes's method and 
dividing the densities by the true density and expressed by %. 

The thermal conductivity was measured by employing a laser flash 
method. The insulation resistance was measured by using an insulation 
measuring meter. The surface roughness (Ra) was measured by a probe 
type surface roughness measuring meter. 
Example 2 

A1N plates were produced in the same manner as the Example 1, 
except that the respective elements shown in Table 2 were used in place of 
the Mg powder among the raw materials and the appearance, the relative 
density, the thermal conductivity, the insulation resistance, and the surface 
roughness of them were measured and the results are shown in Table 2. 
Example 3 

A1N plates were produced in the same manner as the Example 1, 
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except that the respective rare earth oxides shown in Table 3 were used in 
place of Y2O3 among the raw materials and the appearance, the relative 
density, the thermal conductivity, the insulation resistance, and the surface 
roughness of them were measured and the results are shown in Table 3. 
Example 4 

To 100 parts by weight of an A1N powder with an average particle 
size of 1 jim, Y2O3 with an average particle size of 1 pm, B with an average 
particle size of 3 Jim, and the respective oxides shown in Table 4 in the 
amounts respectively shown in Table 4 were added together with a 
toluene-ethanol mixed solvent, sufficiently mixed by a ball mill and 
pulverized and after that, polyvinyl butyral resin was added as a binder to 
obtain A1N slurries. Using the slurries, green sheets were formed by a 
doctor blade method and punched into a size of 65 x 65 mm square to obtain 
green formed bodies. 

After being degreased at 700°C in N 2 , they were fired at 1800°C for 3 
hours in N2 atmosphere to obtain A1N plates. 

With respect to the obtained A1N plates, characteristics generally 
required for insulating substrates such as the appearance, the relative 
density, the thermal conductivity, the insulation resistance, the surface 
roughness or the like were measured. The results are shown in Table 4. 

Among the characteristics, the relative density was calculated by 
measuring the densities of the sintered bodies by Archimedes' method and 
dividing the densities by the true density and expressed by %. 

The thermal conductivity was measured by employing a laser flash 
method. The insulation resistance was measured by using an insulation 

17 



measuring meter. The surface roughness (Ra) was measured by a probe 
type surface roughness measuring meter. 
Example 5 

To 100 parts by weight of an A1N powder with an average particle 
size of 1 jjm, Y2O3 with an average particle size of 1 jam, B with an average 
particle size of 3 Jim, and the respective compounds shown in Table 4 in the 
amounts respectively shown in Table 5 were added together with a 
toluene-ethanol mixed solvent, sufficiently mixed by a ball mill and 
pulverized and after that, polyvinyl butyral resin was added as a binder to 
obtain A1N slurries. Using the slurries, green sheets were formed by a 
doctor blade method and punched into a size of 65 x 65 mm square to obtain 
green formed bodies. 

After being degreased at 700°C in N 2 , they were fired at 1800°C for 3 
hours in N2 atmosphere to obtain A1N plates. 

With respect to the obtained A1N plates, characteristics generally 
required for insulating substrates such as the appearance, the relative 
density, the thermal conductivity, the insulation resistance, the surface 
roughness or the like were measured. The results are shown in Table 5. 

Among the characteristics, the relative density was calculated by 
measuring the densities of the sintered bodies by Archimedes' method and 
dividing the densities by the true density and expressed by %. 

The thermal conductivity was measured by employing a laser flash 
method. The insulation resistance was measured by using an insulation 
measuring meter. The surface roughness (Ra) was measured by a probe 
type surface roughness measuring meter. 
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Example 6 

A1N plates were produced in the same manner as the Example 5, 
except that Y2O3, B, and respective compounds shown in Table 6 were used 
for the raw materials and the appearance, the relative density, the thermal 
conductivity, the insulation resistance, and the surface roughness of them 
were measured and the results are shown in Table 6. 
Example 7 

A1N plates were produced in the same manner as the Example 5, 
except that Y2O3, B, and respective compounds shown in Table 7 were used 
for the raw materials and the appearance, the relative density, the thermal 
conductivity, the insulation resistance, and the surface roughness of them 
were measured and the results are shown in Table 7. 
Example 8 

A1N plates were produced in the same manner as the Example 5, 
except that Y2O3, a Zn powder, and respective compounds shown in Table 8 
were used for the raw materials and the appearance, the relative density, 
the thermal conductivity, the insulation resistance, and the surface 
roughness of them were measured and the results are shown in Table 8. 
Example 9 

A1N plates were produced in the same manner as the Example 5, 
except that Y2O3, metal Li, and respective compounds shown in Table 9 were 
used for the raw materials and the appearance, the relative density, the 
thermal conductivity, the insulation resistance, and the surface roughness of 
them were measured and the results are shown in Table 9. 
Example 10 
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A1N plates were produced in the same manner as the Example 5, 
except that Y2O3, B, and respective compounds shown in Table 10 were used 
for the raw materials and the appearance, the relative density, the thermal 
conductivity, the insulation resistance, and the surface roughness of them 
were measured and the results are shown in Table 10. 
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Table 1 



No. 


2 3 

parts by 
weight 


Mg 
parts by 
weight 


Thermal 
conductivity 
W/mK 


Insulation 
resistance 


oxrengtn 
kg/ mm* 


density 
% ■ 


Surface 
rouehness 
Ra 

Cum) 


Appearance 


Remark 


\ 


0.1 


0 


1 30 


> 1 0 14 


28 


98.0 


0.3 3 


Uneven 
coloration 


Comparative 
Example 


2 


0.1 


0.0 5 


175 


> 1 0 u 


no 


99.1 


ft.2 8 


Good 


Example 


3 


0.1 


0. 1 o 


1 79 


> 1 014 


30 


99.4 


0.3 0 


Good 


Example 


4 


0.1 


0.3 0 


1 88 


> 1 U' 4 


3 1 


99.5 


0.3 1 


Good 


Example 


5 


0. 1 


0.50 


1 0 t 


> 1 0^ 4 


30 


99.7 


0.3 0 


Good 


Example 


B 


O. 1 


2.00 


1 92 


> I 0 14 


3 1 


99-8 


0.3 0 


Good 


Example 


7 


1.0 


0.0 5 


203 


> \ 0 14 


3 3 


99.9 


0.3 2 


Good 


Example 


6 


i.n 


0.1 0 


2 I 0 


> I0 14 


34 


99.8 


0.3 3 


Good 


Example 


9 


1-0 


0.3 0 


2.14 


> 1 0' 4 


33 


99.9 


0.3 3 


Good 


Example 


1 0 


1.0 


0.5 0 


2 1 8 


> 1 O 14 


33 


1 OO.0 


0.3 4 


Good 


Example 


1 1 


2.0 


0.05 


2 1 4 


> 1 O 14 


36 


I 00.0 


0.3 4 


Good 


Example 


1 2 


2.0 


0.1 0 


2 18 


> 1 o 14 


3 4 


I 00.0 


0.3 5 


Good 


Example 


1 3 


2.0 


0.3 0 


220 


> 1 o 14 


t 

35 


1 00.0 


0.3 3 


Good 


Example 


1 4 


2.0 


0.5 0 


22 1 


> 1 01 4 


33 


1 00.0 


0.3 5 


Good 


Example 


1 5 


2.0 


2.00 


2 1 a 


> \ O 14 


34 


1 00.0 


0.3 4 


Good 


Example 


t 6 


3.0 


O.0 5 


200 


> I 01 4 


35 


1 00.0 


0.3 a 


Good 


Example 


1 7 


3.0 


o.t 0 


1 99 


> I 0 14 


36 


1 00.0 


0.3 6 


Good 


Example 


1 8 


3.0 


0.3 0 


204 


> to 14 


39 


1 00.0 


0.3 7 


Good 


Example 


1 9 


3.0 


0.5 0 


206 


> I 0 14 


32 


1 00.0 


0.3 6 


Good 


Example 


20 


3.0 


2.00 


1 99 


> 1 O 14 


34 


1 00.0 


0.3 8 


Good 


Example 


2 I 


5.0 


O.0 5 


1 90 


> 1 o 14 


3 1 


99.2 


0.3 9 


Good 


Example 


22 


5.0 


0.1 0 


1 9 1 


> 1 o 14 


34 


99-2 


0.3 8 


Good 


Example 


2 3 


5.0 


0.3 0 


1 88 


> 1 01 4 


34 


99.2 


0.4 0 


Good 


Example 


24 


5.0 


0.5 0 


1 86 


> 1 o 14 


33 


99.0 


0.4 2 


Good 


Example 


25 


5.0 


2-0 0 


1 80 


> 1 OH 


3 2 j 99.| 


0.4 0 


Good 


Example 
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Table 2 



No. 


Y 2 0 3 

parts by 
weight 


Additive 


Thermal 
conductiv 


Insulation 
resistance 

Qcm 


5 Strength 
kg/mm 2 


Relative 
density 

% 


Surface 
roughness 
Ra 

Cum) 


Appearance 




parts by 
weight 


-ity 
W/rnK 


1 


2.0 


L i 


0.0 5 


1 98 


> 1 0" 


34 


I oo.o 


0.3 6 


Good 


2 


2.0 


L i 


0.5 0 


! 9 0 


> ! 0" 


35 


I 00.0 


0.3 7 


Good 


3 


2.0 


I. i 


5.00 


J 7 5 


> 1 0«« 


3 3 


I 00.0 


0.3 4 


Good 


4 


2.0 


B c 


0.0 5 


2 3 0 


> I 0 14 


36 


1 00.0 


0.3 5 


Good 


5 


2.0 


Be 


0.5 0 


2 36 


> \ 0*« 


39 


1 00.0 


0.3 2 


Good 


6 


2.0 


Be j 5.0 0 


233 


> 1 0>« 


39 


1 00.0 


0.3 4 


Good 


7 


2.0 


Si | 0. 0 5 


1 7 0 


> i o 14 


34 


1 oo.o 


0,3 4 


Good 


8 


2.0 


Si j 0. 5 0 


1 7 2 


> l o> 4 


3 5 


I 00.0 


0.3 5 


Good 


9 


2.0 


Si j 5.00 


1 7 1 


>10 14 


3 2 


1 00.0 


0,3 4 


Good 


1 0 


2.0 


B j O.0 5 


2 I 0 


> 1 o 14 


3 3 


i 00.0 


0.3 3 


Good 


1 1 


2.0 


B | 0.5 0 


2 1 4 


> I 0" 


3 I 


I 00.0 


0-3 5 


Good 


i 2 


2.0 


B S 5. 0 0 


2 1 8 


> 1 0» 4 


3 2 


I 00.0 


0.3 4 


Good 


1 3 


2.0 


S j 0. 0 5 


1 7 9 


> 1 0« 4 


3 4 


I oo.o 


0.3 5 


Good 


1 4 


2.0 


S 0. 5 0 


1 90 


> I 0' 4 


38 


1 oo.o 


0.3 5 


Good 


1 fi 


2.0 


S j 5.0 0 


1 9 I 


> 1 o* 4 


35 


I 00.0 


0.3 3 


Good 


1 6 


2.0 


As : 0.0 5 


1 9 I 


> i o 14 


3 3 


1 00.0 


0.3 4 


Good 


I 7 


2.0 


As j 0. 5 0 


1 9 3 


> i 0* 4 


3 2 


1 00.0 


0.3 2 


Good 


i □ 




As j 5. 0 0 


1 9 3 


> 1 O 14 


3 2 


i 00.0 


0.3 4 


Good 


1 9 


2.0 


P O.0 5 


2 10 


> I O 14 


3 4 


1 00.0 


0.3 5 


Good 


2 0 


2.0 


P j 0. 5 0 


2 08 


> i O 14 


3 9 


1 00.0 


0.3 4 


Good 


2 1 




P j 5.0 0 


2 11 


> I 0 14 


3 J 


1 00.0 


0.3 3 


Good 


2 2 


2 0 


2 n j 0. 0 5 


2 0 7 


> I 0 14 


3 0 


1 00.0 


0.3 4 


Good 


2 3 


2.0 


2 n j 0. 5 0 


2 0 9 


> 1 0 14 


2 9 


i oo n 




LaOOO 


2 4 


2.0 


2 n j 5. 0 0 


2 08 


> 1 O 14 


3 4 


I oo.o 


0.3 4 


Good 


25 


2.0 


2 n 3. 0 0 
B • 3. 0 0 


2 1 2 


> I 0> 4 


36 


! 00.0 


0-3 2 


Good 


2 6 


2.0 


Li 0. 0 5 
B | 2.0 0 


2 1 0 


> I O* 4 


3 7 


1 0 0.0 


0.3 7 


Good 


2 7 


2.0 


P 1. 00 
S | 1.00 


2 2 2 


> ! 0* 4 


3 9 


[ 0 0.0 


0.3 4 


Good 


28 


2.0 


L i ; 1.0 0 
2 n 0.00 
U 1.00 


2 2 8 


> I 0 14 


3 8 


I 00.0 


0.3 I 


Good 
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Table 3-1 



Additive 

parts by weight 


Mg 

parts by weight 


Thermal 
conductivity 
W/mK 


Insulation 
resistance 
Qcm 


Strength 
kg/mm ? 


Relative densrty 


Surface roughness 
Ra (um) 


Appearance 


L a 2 0 3 


| 0. 0 1 


1. 0 


1 8 4 


> I 0 1 4 


3 0 


9 0. 8 


a 3 3 


Good 


: 0. 1 0 


1. 0 


2 3 1 


> 1 0 14 


3 2 


0 9.9 


0. 3 3 


Good 




I. 0 0 


1. 0 


2 3 2 


> 1 0 » 4 


3 3 


1 0 0. 0 


0. 3 4 


Good 


2. 0 0 


1. 0 


2 2 3 


> 1 0 14 


3 6 


1 0 0. 0 


a 3 6 


Good 


5. 0 0 


1. o 


2 2 5 


> 1 0 14 


3 1 


1 0 a. 0 


a 3 7 


Good 


C e O 2 


0. 0 1 


1. 0 


19 1 


> I 0 1 4 


3 4 


9 9. 8 


a 2 8 


Good 


0. t 0 


I. 0 


I 0 3 


> I 0 14 


3 2 


9 9. 8 


p. 2 9 


Good 


t. 0 0 


1. 0 


I 9 3 


> I 0 1 4 


3 I 


9 9. 9 


0. 3 1 


Good 


2. 0 0 


1. 0 


2 0 0 


> 1 0 » 4 


3 3 


1 0 0. 0 


0. 3 4 


Good 


5.00 


1. 0 


2 0 4 


> 1 0 14 


3 3 


1 0 0. 0 


0. 3 4 


Good 


N d 2 0 a 


0. 0 t 


1. 0 


1 9 3 


> J 0 1 4 


3 3 


a 9. 9 


0. 3 0 


Good 


0. I 0 


I. 0 


1 9 8 


> 1 0 >* 


3 2 


1 0 0. 0 


0. 3 0 


Good 


1. 0 0 


1. 0 


2 1 t 


> 1 0 '« 


3 4 


1 0 0. 0 


0. 3 1 


Good 


2. 0 0 


1- 0 


2 3 2 


> ! 0 * 4 


3 5 


I 0 0. 0 


0. 3 4 


Good 


5. 0 0 


1. 0 


2 0 8 


> 1 0 14 


3 4 


1 0 0. 0 


0. 3 3 


Good 


S m 3 0 j 

i 


0. 0 1 


1. 0 


1 7 9 


> 1 0 » 4 


3 3 


9 9. 9 


a 2 9 


Good 


0. 1 0 


1. 0 


I 0 7 


> 1 0 '« 


3 2 


I 0 0. O 


a 3 2 


Good 


j 1. 0 0 


1. 0 


2 0 5 


> 1 0 14 


3 1 


1 0 0. 0 


0. 3 8 


Good 


2. 0 0 


1 . 0 


2 1 4 


> 1 0 * 4 


3 2 


1 0 0. 0 


O- 4 0 


Good 


j 5. 0 0 


1. 0 


2 1 .1 


> I 0 1 4 


3 8 


1 0 0. 0 


0. 4 2 


Good 



Table 3-2 



Additive 


parts by weight 


Mg 

parts by weight 


Thermal 
conductivity 
W/mK 


Insulation 
resistance 
Qcm 


Strength 

kg/mm 2 


Relative density 


Surface roughness 
Ra Cum) 


Appearance 


G d 2 0 3 


| 0. 0 1 


I. 0 


1 8 3 


> 1 0 14 


2 9 


9 9. 9 


0. 3 3 


Good 




0. 1 0 


1. 0 


1 9 3 


> 1 0 1 4 


3 I 


1 0 0. 0 


0. 3 2 


Good 




1. 0 0 


I. 0 


2 1 8 


> I 0 1 4 


3 3 


1 0 0. 0 


0.3 4 


Good 




2.0 0 


t. 0 


2 0 9 


> I 0 1 4 


3 4 


1 0 0. 0 


0. 3 4 


Good 




5. 0 0 


I. 0 


1 9 4 


> 1 0 •« 


3 4 


I 0 0. 0 


0. 3 9 


Good 


D y 2 0 a 


I 0. 0 1 


t. 0 


1 8 7 


> 1 0 14 


3 4 


9 9. 9 


0. 3 1 


Good 




0. 1 0 


I. 0 


1 9 0 


> 1 0 14 


3 5 


U 9. 9 


0. 3 2 


Good 




1.00 


1. 0 


2 1 5 


> I 0 1 4 


3 4 


1 0 0. 0 


0. 3 4 


Good 




■ 2_ 0 0 


I. 0 


2 18 


> 1 0 14 


3 4 


1 0 a 0 


0. 3 6 


Good 




! 5. 0 0 


i. 0 


2 0 9 


> 1 0 14 


3 2 


1 0 0. 0 


0. 3 5 


Good 


Y b 2 0 3 


j a 0 1 


t. 0 


1 8 2 


> 1 0 < 4 


3 2 


9 9. 8 


0. 3 1 


Good 




0. 1 0 


t. 0 


t 8 3 


> 1 0 14 


3 4 


9 9. U 


0. 3 1 


Good 




1.0 0 


1. 0 


1 9 4 


> I 0 1 4 


3 4 


1 0 0. 0 


0. 3 2 


Good 




zoo 


u 0 


2 0 1 


> 1 0 ' 4 


3 6. 


1 0 0. 0 


0. 3 6 


Good 




5.0 0 


1. 0 


2 0 2 


> 1 0 14 


3 3 


! 0 0. 0 


0. 3 4 


Good 


C e 0 2 
L a a 0 3 


0. 8 0 
; 0. 9 0 


1. 0 


2 3 0 


> I 0 '< 


3 4 


1 0 0. 0 


0. 3 6 


Good 


L a 2 0 3 

O jr 2 0 3 


0. 5 0 
j 1.0 0 


1. 0 


2 3 1 


> 1 0 > 4 


3 7 


1 0 0. 0 


0. 3 7 


Good 


Y b 2 0 3 
N d 2 0 3 


0. 5 0 
j 0. 5 0 


t. 0 


2 3 3 


> 1 0 14 


3 5 


1 0 0. 0 


0. 3 7 


Good 


C e 0 7 
L a 2 0 3 
N d 2 0 3 


0. 5 0 
0.50 
0. 5 0 


1. 0 


2 4 0 


> 1 0 14 


3 6 


1 0 0. 0 


0. 3 8 


Good 
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Table 4 



No. 


Y 2 0 3 
parts by 
weight 


B 

parts by 
weight 


Additive 


Thermal 
conductiv 
-ity 
W/mK 


Insulation 
resistance 
Qcm 


Strength 

kg/mm 2 


Relative 
density 

% 


Surface 
roughness 
Ra 
(mid) 


Appearance 


j parts by 
j weight 


1 


2.0 


O 5 0 


U 2 0 0.5 0 


1 8 2 


> 1 0*« 


35 


1 00.0 


0.3 t 


Good 


2 


2.0 


aso 


Li 7O 1.0 0 


1 9 4 


> 1 0»« 


34 


I 00.0 


0.3 0 


Good 


3 


2.0 


0.5 0 


Na 7 0 0.5 0 


I 8 3 


> 1 0>« 


32 


1 00.0 


0.3 2 


Good 


4 


ZO 


0.5 0 


NaiO 1. 00 


I 90 


> 1 O 14 


34 


1 00.0 


0.3 2 


Good 


5 


2.0 


0.5 0 


KaO 0.5 0 


1 7 5 


> 1 O 14 


35 


1 00.0 


0.3 I 


Good 


6 


2.0 


0.5 0 


KaO LOO 


I 7 8 


> I O 14 


38 


1 00.0 


0.3 3 


Good 


7 


2.0 


0.5 0 


BaOa ; 0.5 0 


2 0 2 


> 1 o 14 


38 


1 00.0 


0.3 l 


Good 


B 


2.0 


afi o 


Ba0 3 


1.00 


2 05 


> 1 0 14 


36 


I 00.0 


0.3 0 


Good 


9 


2.0 


0.5 0 


3 1 Oa 


0.5 0 


I 73 


> I 0> 4 


3 7 


I 00.0 


0.3 3 


Good 


1 0 


2.0 


0.5 0 


S i Oa 


1.00 


1 7 7 


> 1 O 14 


3 2 


I 00.0 


0.2 9 


Good 


I I 


2.0 


0.5 0 


GcOj 


0.5 0 


i 8 1 


> i o 14 


4 0 


1 00.0 


0.3 2 


Good 


1 2 


2.0 


0.5 0 


GcOa ; 1.00 


1 8 9 


>10 M 


3 1 


I 00.0 


0.3 4 


Good 


I 3 


2.0 


0.5 0 


A s a 0 i 


0.5 0 


I 90 


> 1 0 14 


36 


I 00.0 


0.3 3 


Good 


t 4 


2.0 


0.5 0 


Afi 3 Oa 


1.00 


I 92 


> 1 0 14 


3 7 


1 00.0 


0.3 I 


Good 


t 5 


2.0 


0.5 0 


Pj 0 5 


0.5 0 


1 9 3 


> t 01 4 


35 


1 00.0 


0.3 0 


Good 


1 6 


2.0 


0.5 0 


Pa Os 


1.00 


1 9 5 


> I G 14 


3 1 


1 00.0 


0.2 9 


Good 


1 7 


2.0 


1.00 


L i a 0 j 0.5 0 


20 5 


> I O u 


3 9 


1 0 0.0 


0. 3 4 


Good 


1 8 


2.0 


1. 00 


Li ]0 1.00 


2 1 0 


> 1 0*« 


3 1 


i 00-0 


0.3 3 


Good 


I 9 


2.0 


1.00 


Na,0 0.5 0 


2 0 1 


> 1 o 14 


3 1 


1 0 0.0 


0.3 5 


Good 


2 0 


2.0 


1.00 


N a a 0 1.00 


1 98 


> \ o 14 


3 2 


I 00.0 


0.3 4 


Good 


2 1 


ZO 


1.00 


KaO 0.5 0 


205 


> 1 O' 4 


37 


1 00.0 


0.3 fi 


Good 


2 2 


2.0 


1.00 


KaO 1.0 0 


2 1 O 


> I 0»« 


36 


1 00.0 


0.3 6 


Good 


2 3 


2.0 


1.00 


Ba0 3 j 0. 5 0 


223 


> 1 0" 


32 


J 00.0 


0.3 8 


Good 


24 


2.0 


1.00 


BaOa 


1.00 


228 


> I 0» 4 


33 


I 00.0 


0.3 8 


Good 


2 5 


2.0 


1.00 


S i Oa 


0.5 0 


20 \ 


> 1 0" 


3 1 


1 00.0 


0.3 7 


Good 


2 6 


2.0 


1.0 0 


5 i Oa 


1.0 0 


2 0 4 


> 1 0 H 


3 2 


I 00. 0 


0.3 2 


Good 


2 7 


2.0 


1.0 0 


GeOa j 0.5 0 


204 


> I 0 J4 


30 


I 00.0 


0.34 


Good 


28 


2.0 


1.00 


GeOa LOO 


209 


> 1 0 J4 


37 


I 00.0 


0.3 6 


Good 


2 e 


2.0 


1. 00 


As a 0 a 0.5 0 


t 98 


> I 0 34 


37 


i 00.0 


0.3 9 


Good 


30 


2.C 


1.00 


As J 0 3 { 1.0 0 


1 94 


> I O' 4 


36 


I 00.0 


0.3 8 


Good 


3 I 


2.0 


1.00 


Pa0 5 0.5 0 


2 I 3 


> i 0«« 


34 


I 00.0 


0.3 7 


Good 


3 2 


2.0 


1.0 0 


PaOs 1.00 


2 I 7 


> 1 0 14 


3 2 


1 00.0 


0.3 7 


Good 


33 


2.0 


1.00 


L i a 0 0.7 0 
BaOa j 0.7 0 


220 


> 1 0 14 


33 


1 oao 


0.3 4 


Good 


34 


2.0 


1.00 


Li 3 0 | 0.5 0 
PaOs j 1.00 


22 I 


> 1 0> 4 


38 


1 00.0 


0.3 2 


Good 


35 


2.0 


1.00 


KaO - 05 0 
GeOa j 100 


2 2 I 


> 1 O 14 


36 


1 00.0 


0.3 4 


Good 


36 


2.0 


1.0 0 
1.00 
1. 00 


KaO 0.5 0 
Pa 0 5 0.8 0 
BaOa O.BO 


2 2 9 


> 1 0 14 


34 


1 00.0 


0.2 9 


Good 
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Table 5 



No. 


Y 2 0 3 

parts by 
weight. 


B 

parts by 
weight 


Additive 

j parts by 
j weight 


Thermal 
conductiv 
-rty 
W/mK 


Insulation 
resistance 
Qcm 


Strength 
kg/ mm 2 


Relative 
density 
% 


Surface 
roughness 
Ra 

fjim) 


Appearance 


J 


2.0 


ft c ft 


L a o c ; u. d u 


Z Z Jt 


1 At* 


•3 .» 


i /\ n n 


ft *> Q 

u. z y 


UOOG 


o 


2.0 


0.5 0 


L a ti c t * -O O 


•j "a «i 
Z 3 T> 


^ i ii • 


*l A 


1 uu.u 


ft *3 1 

U.J 1 


Good 


3 


2.0 


n r n 
U. £> O 


Lads | U. o U 


Z 1 o 


t ni« 






ft "I ft 


uood 


4 




ft C ft 

U.D U 


CaRs 1. 00 


Z Z 1 


y I u 


•3 «J 


i on n 


n *\ i 

U-J l 


Uood 


5 


2-0 


n c m 

u.o u 


Ca 3 Ni 0.5 0 


X *> *• 




O *• 


i nn ft 


n *> o 

KJ. £. V 




6 


2.0 


0.5 0 


Ca 3 N 3 1.00 


o -* n 

/ 4 U 




•3 T 
.5 / 


l ft ft ft 

I uu.u 


n "i ft 
U. J u 


VjOOCj 


7 


2.0 


n c c% 

0.5 0 


A 1 P 0.5 0 




v l ft]4 


"I t 
.1 f 


1 ft ft ft 

1 u u.u 


nit 


uood 


8 


2.0 


0.5 0 


AIP 1.00 


*> it T 


1 ft 1 4 
> 1 U * 


o o 


■ rift n 


u. «1 z 


uood 


9 


2.0 


U. o O 


LiMtfP 0.5 0 


"JOT 
Z u J 


s i nh 
^* i u • 


J o 


i fin n 


U-JU 


Good 


1 0 


2.0 


U.Dtl 


LiMgP 1. 00 


n n c 
a U D 


-> l U * 


J D 


i ftft n 
1 uu.u 


ft 1 A 
U.«> 4 


oooa 


1 1 


2.0 


0.5 0 


C u S 0.5 0 


•i n q 
Z U 5* 


-> i u * ^ 




I ft ft ft 

I uu.u 


ft *l O 


uood 


} 2 


2.0 


0.5 0 


CaS 1-00 


2 11 




J b 


t ft ft ft 

1 uu.u 


ft *a "a 


uood 


1 3 


2.0 


0.5 0 


BaS 0.50 


2 1 8 


> 1 U 1 * 


J 9 


I oo.o 


ft *J A 

U.J4 


uood 


1 4 


2.0 


0.5 0 


BaS ; 1.00 


2 14 


> 1 O" 


3 2 


I UU.U 


U. J J 


uood 


1 5 


2.0 


0.5 0 


Mo S i 7 , 


0.5 0 


l Ua 


s i nil 

> 1 U 


3 3 


1 UU.U 


ft 1 *5 

1 U. J £ 


Uood 


1 6 


2.0 


0.5 0 


Mo S i 7 


l.OO 


2 0 I 


>^ i r\+ 4 

> I O 1 * 


3 2 


1 UU.U 


U. 3 1 


Good 


1 7 


2.0 


0.5 0 


CaH* 


0.5 0 


2 3 4 


> 1 0' 4 


4 0 


1 oo.o 


0.3 0 


uood 


1 8 


2-0 


0.5 0 


CaH 7 


l.OO 


2 3 0 


> I 0 1 * 


3 8 


1 00.0 


0.3 4 


Good 


1 9 


2.0 


0.5 0 


L i A G H 4 ! 0.5 0 


2 3 0 


> 1 0'* 


3 2 


I oo.o 


0.3 5 


uood 


2 0 


2.0 


0.5 0 


L i A 2 1 1 * j 1.0 0 


2 3 9 


> 1 0 M 


3 6 


1 0Q.0 


0.3 3 


Good 


2 I 


2.0 


1.0 0 


UB« O.5 0 


2 3 3 


. H Ii 

> 1 0" 


3 5 


I 00.0 


0.3 6 


Good 


2 2 


2.0 


1. 00 


CbBc 0.50 


2 2 2 


> I 0 M 


3 3 


1 00.0 


0.3 4 


Good 


2 3 


Z0 


1.00 


CaaNa 0.5 0 


2 38 


> t 0" 


39 


1 oo.o 


0.3 6 


Good 




o n 
z- \j 


\ ft n 


AIP 0.5 0 


9 1 n 


> 1 0 M 


3 4 


1 00.0 




UOOO 


2 5 


2.0 


1.00 


LiMgP 0.50 


2 1 1 


> 1 0" 


37 


1 00.0 


a35 


Good 


2 G 


2.0 


1. 00 


CaS 0.50 


2 t 2 


> 1 0'« 


36 


1 00.0 


0.3 8 


Good 


2 7 


2.0 


1.0 0 


BaS 0.5 0 


225 


> 1 0" 


34 


1 00.0 


0.3 7 


Good 


2 6 


2.0 


1.0 0 


M o S i 7 0. 5 0 


1 96 


> 1 0'* 


36 


t 00.0 


0.3 8 


Good 


^ y 


C— KJ 


inn 
1. u u 


MoSia 1.00 


2 0 3 


> 1 0 M 




i n n n 
1 u u. KJ 


u. 0 *♦ 


Good 


30 


2.0 


1.0 0 


Cath 0.5 0 


2 4 0 


> 1 0 1 * 


35 


1 OO.O 


0.3 8 


Good 


3 1 


2.0 


1.00 


C&H} 1.00 


245 


> 1 0 14 


37 


I OO.0 


0.3 5 


Good 


32 


2.0 


1. 00 


1. i A CM « 0.5 0 


236 


> 1 0»« 


38 


1 0O.0 


0.3 4 


Good 


33 


2.0 


1.00 


L i A £ 11 * 1.00 


244 


> I 0" 


35 


1 OO.O 


0.3 3 


Good 


34 


2.0 


1.00 


L i A £ H 1 i 0.5 0 
La Be 0.5 0 


246 


> I 0** 


33 


3 0O.0 


0.28 


Good 


3 5 


2.0 


1.00 


CaBc j 0-5 0 
La Be | 0.5 0 


24 I 


> 1 0" 


3 8 


1 oo.o 


0.3 4 


Good 


36 


2.0 


1.00 


Cfl 3 N 2 

CaS 


l.OO 
0.5 0 


2 3 9 


> 1 0»- 


36 


1 00.0 


0.3 8 


Good 


3 7 


2.0 


1.00 


CaS 
CaH a 
Cube 


0.5 0 
0.5 0 
0.5 0 


24 4 


> I 0» 4 


35 


1 00.0 


0.3 6 


Good 
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Table 6-1 



No. 


*,0 a 
parts by 
weight 


6 


Additive 


Thermal 
conductiv 
— ity 
W/mK 


tnswtition 
resistance 


Strength 
kg/mm 1 


Relative 
density 


Surface 
roughness 


Appearance 


parts by 
weight 


J parts by 
< weight 




parts by 
weinht 


Qcm 


\ 






1 


2. 0 


1 .0 0 


un G 


• 0.5 0 


LiiO 


0.2 0 


2 2 6 


> I 0 1 * 


0 •* 


1 0 0. 0 


0. 3 2 


— Good 


2 


2. 0 


1.00 


UDs 


0.5 0 


K 2 0 


0. 1 0 


2 2 7 


> I 0 14 


3 4 


1 00.0 


0. 3 2 


Good 


3 


2.0 


1.0 0 


Lb B« 


aso 


OiO) 


0.5 0 


0 1 *i 
4 1 j 


> 1 0 ' * 


0 


1 0 0. 0 


0. 3 1 




4 


2. 0 


1.0 0 


l.aUe 


0.5 0 


SiOi 


0.3 0 


9 *3 ft 
4 & U 


> t O 1 4 


3 2 


1 0 0.0 


0. 3 2 


— G^od 


5 


2.0 


1.0 o 


Lu 3s 


as o 


GeO? 


0. I 0 


*) O 1 

* a. J 


> I 0 14 


4 0 


1 0 0.0 


a 3 0 


— Good 


6 


2.0 


1.0 0 


Lo 0 g 


ABO 


Pa 0 , 


0.2 0 


2 3 1 




O 0 


I 0 0.0 


0. 3 4 


Good 


7 


2.0 


1.0 0 


Lo St 


• 1.0 0 


A E 2 0 9 


ai 0 


2 3 3 


> I 0 14 


.) 4 


1 uu.u 


u. J J 


Good 


8 


2.0 


1.0 0 


C» j N j 


* as o 


L i i 0 


0.2 0 


2 3 2 


> 1 0 1 • 


.1 J 


1 U C.tJ 


U. A J 


— 9^ 


3 


2.0 


L.O 0 


C a i N a 


| as o 


K a 0 


0. t 0 


2 3 1 


S 1 A14 


3 2 


1 0 0.0 


U. .j z 


Good 


) 0 


2.0 


1.0 0 


Ca 3 IS? 


0.5 0 


11 a 0 9 


0-5 0 


2 2 8 


> 1 0 1 4 


3 2 


I 0 0.0 


0. 3 2 


— 522^ — 


1 I 


2.0 


1.0 0 


Ca 3 N a 


0. 5 0 


S i Oa 


0.3 0 


2 3 2 


> 1 0 14 


3 5 


1 0 0.0 


0. 3 4 


Good 


1 2 


2.0 


1.00 


CojNj 


0.6 0 


G e 0 a 


0. t 0 


2 2 9 


> 1 0 14 


3 6 


I 0 0.0 


0.3 J 


Good 


1 3 


2.0 


1.0 0 


CajNi 


0.50 


1'iOs 


0.2 0 


2 1 9 


> t 0 14 


3 5 


I 0 0.0 


0. 3 3 


Good 


1 4 


2. 0 


1.00 


CatN? 


t.oo 


AS1O5 


h a i 0 


2 2 3 


> 1 0 M 


3 4 


1 00.0 


0. 2 *.l 


Good 


1 5 


2.0 


1.0 0 


CaS 


0.5 0 


Li jO 


1 0.2 0 


2 24 


> 1 0» 4 


3 I 


1 0 0.0 


0.3 1 


Good 


1 6 


2.0 


1.0 0 


Ca S 


0.5 0 


K a 0 


a. t 0 


2 2 1 


> 1 0»« 


32 


1 00.0 


0.3 3 


Good 


J 7 


2.0 


1.0 0 


CaS 


0.5 0 


0 a 0 3 


as 0 


2 2 0 


> 1 o 14 


3 6 


I 0 0.0 


0.3 5 


Good 


1 8 


2.0 


1.0 0 


Cb S 


0.5 0 


SiO) 


a. j 0 


2 1 9 


> 1 0* 4 


3 4 


I 0 0.0 


0.3 4 


Good 


1 9 


2.0 


1.0 0 


CiS 


0.5 0 


GeO 2 


0. 1 0 


2 1 9 


> I 0* 4 


3 3 


1 no. 0 


a3 4 


Good 


2 0 


2.0 


1.0 0 


c*s . 


0.5 0 


P1O1 


0.2 0 


2 I 8 


> 1 0* 4 


3 5 


t no.n 


0.3 3 


Good 


2 1 


2.0 


1.0 0 


Ca S 


0.5 0 


A s a 0 5 


0. 1 0 


2 2 1 


> 1 0 14 


3 2 


1 00.0 


0.3 3 


Good 


2 2 


2-0 


1.0 0 


Mo S i 2 


0.5 0 


l.i jO 


0.2 0 


2 0 4 


> I 0» 4 


3 B 


1 00.0 


0.3 4 


Good 


2 3 


2.0 


1.0 0 


Mo S i 7 


0.5 0 


K a 0 


0. 1 0 


2 07 


> 1 0I 4 


3 1 


1 00.0 


0.3 4 


Good 


2 4 


2.0 


1.0 0 


Mo S i 7 


0.5 0 


n 2 0 3 


0.5 0 


2 0 I 


> 1 o 14 


4 1 


I 0 0.0 


0.3 3 


Good 


2 5 


2.0 


1.0 0 


M o S t 7 


as o 


SiO, 


0.3 0 


2 03 


> I 0 14 


4 0 


1 00.0 


0.3 2 


Good 


2 6 


2-0 


1.0 0 


M o S i 2 


0.5 0 


G a 0 2 


a 1 0 


2 03 


> 1 on 


3 9 


1 00.0 


0.3 7 


Good 


2 7 


2.0 


1.0 0 


M o 5 t 7 


0.5 0 


PiO, 


0.2 0 


2 0 5 


>fOH 


3 I 


1 0 0.0 


0.3 5 


Good 


2 a 


2.0 


1.0 0 


Mo S i 2 


S 1.00 


As jOi 


0. 1 0 


2 07 


> 1 on 


32 


1 00.0 


0.3 4 


Good 



Table 6-2 



No. 


Y a 0, 

parts by 
weight 


B 

parts by 
weight 


Additive 


Thermal 
conductiv 


Insulation 
resistance 
Qcm 


Strength 
kg/ mm 2 


Relative 
density 
% 


Surface 
roughness 
Ra 

(urn) 


Appearance 


[ parts by 
j weight 


j parts by 
f weight 


-rty 
W/mK 


2 U 


2.0 


1.0 0 


Can 2 0.5 0 


L i 7 0 0.2 0 


2 3 3 


> 1 o« 4 


3 3 


I 0 0.0 


0.3 3 


Good 


3 0 


2.0 


1.0 0 


Call? 0.50 


k 7 0 a 1 0 


2 3 1 


> 1 o 1 * 


3 3 


1 00.0 


0.3 2 


Good 


3 1 


2.0 


1.0 0 


CaHa 0.5 0 


B]0| 0.5 0 


2 30 


> 1 0 14 


3 8 


1 00.0 


0.3 4 


Good 


3 2 


2.0 


1.0 0 


Call? : 0.50 


Si Oa 0.3 0 


2 20 


>I0 M 


3 5 


1 00.0 


0.3 5 


Good 


3 3 


2.0 


1.0 0 


C h H 3 0. 5 0 


GeO i 0. 1 0 


2 32 


> 1 0»« 


3 9 


1 oc.o 


0.3 ; 


Good 


3 4 


2.0 


1.0 0 


C a H 3 0. 5 0 


P a 0 s 0. 2 0 


2 3 3 


> 1 OH 


3 I 


1 00.0 


0.3 5 


Good 


3 5 


2.0 


1.0 0 


CaHa ; 1-0 0 


A s a 0 5 0. 1 0 


2 30 


> t 0' 4 


3 4 


1 00.0 


0.3 3 


Good 


Hfi 


2.0 


1.0 0 


L A n c 
Ca II 3 


0.2 0 
0.3 0 


ft 3 0 9 j 0.2 0 


2 4 0 


> I 0" 


36 


1 00.0 


0.3 6 


Good 


3 7 


2.0 


1.0 0 


L a 0 c 


0.5 0 


H.3O3 ■ 0-2 0 
L i 3 0 ■ 0.3 0 


2 4 2 


> 1 o 14 


36 


1 00.0 


0.3 9 


Good 


3d 


2.0 


1.0 0 


CaS 
Call] 


0.2 0 
0.3 0 


d a 0 3 ! a 2 0 

P a 0 s 0. 2 0 


230 


> 1 0" 


37 


1 00.0 


0.3 9 


Good 


3 9 


2.0 


1. 00 


CaS j 0.20 
CaHa j 0.3 0 


B 3 0 3 
Pa Os 


0.2 0 
0.20 


243 


> 1 0'< 


40 


1 00.0 


0.3 8 


Good 


4 0 


20 


1. 00 


CaS | 0.20 
Call 2 0-2 0 
Ca 3 Ni a 1 0 


U7O3 
SiOa 
K a 3 0 


0.2 0 
0.2 0 
1.00 


245 


> 1 on 


37 


1 00.0 


0.3 A 


Good 
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Table 7 



No. 


Y 2 0 3 
parts by 
weight 


B 

parts by 
we.ght 


Additive 


Thermal 
conductiv 
-rty 
W/mK 


Insulation 
£2 cm 


Strength 
kg/ mm 3 


Relative 
density 


Surface 
roughness 
Ra 
(um) 


Appearance 


I parts by 
j weight 


1 


2.0 


0.50 


A«}03 0.5 0 


202 


> 1 o»« 


35 


1 OO.O 


0.3 0 


Good 


2 


2.0 


O.fi 0 


A£ 1 0 1 1.0 0 


206 


> 1 C 14 


3 3 


1 OO.O 


0.3 I 


Good 


3 


20 


0-5 0 


G&jOa : 0.5 0 


2 03 


> I O' 4 


33 


i 00.0 


0.3 2 


Good 


4 


2.0 


0.5 0 


GmOj 1.0 0 


206 


> i 0> 4 


32 


1 00.0 


0.3 2 


Good 


5 


2.0 


0.5 0 


1 « 2 0 j 0.5 0 


2 1 1 


> t 0» 4 


37 


1 00.0 


0.3 1 


Good 


6 


2.0 


0.5 0 


ln 3 0 3 1.00 


206 


> \ 0" 


.3 3 


1 00.0 


0.2 9 


Good 


7 


2.0 


0.5 0 


WO 3 0.5 0 


202 


> 1 0 14 


35 


1 00.0 


0.2 & 


Good 


8 


2.0 


0.5 0 


WOa 1.00 


206 


> 1 (I 14 


36 


1 00.0 


0.3 2 


Good 


9 


2.0 


0.5 0 


H i 7 0 9 0.5 0 


2 I 0 


> I 0'* 


34 


1 00.0 


0.2 9 


Good 


I 0 


2.0 


0.5 0 


R i -a 0 3 1. 00 


2 08 


> 1 0* 4 


3 4 


1 00.0 


0.3 3 


Good 


1.1 


2.0 


0.5 0 


P b 0 0. 5 0 


202 


> I 0' 4 


33 


I 00.0 


0.3 I 


Good 


1 2 


2.0 


0.5 0 


PbO 1.00 


203 


> i o 14 


32 


I 0 0.0 


0.3 2 


Good 


1 3 


2.0 


0.5 0 


Sb 7 0 3 0.50 


2 1 0 


> 1 O' 4 


3 7 


t 00.0 


U.3 3 


Good 


1 4 


2.0 


0.5 0 


Sb 2 0 3 1. 00 


2 ] 2 


> 1 O 14 


33 


I 00.0 


0.3 3 


Good 


1 5 


2.0 


0.5 0 


CdO 0.5 0 


2 1 6 


>l o 14 


35 


1 00.0 


0.3 1 


Good 


I 6 


2.0 


0.5 0 


CdO 1.00 


2 I I 


> I 0 14 


35 


I 00.0 


0.3 4 


Good 


1 7 


2.0 


0.5 0 


ZnO 0.5 0 


2 0 7 


> 1 O 14 


36 


1 00.0 


0.3 3 


Good 


I 3 


2.0 


0.5 0 


ZnO 1.00 


2 0 9 


> 1 0> 4 


32 


1 00.0 


0.3 5 


Good 


I 9 


2.0 


LOO 


AC7O3 0.5 0 


2 3 2 


> 1 o* 4 


34 


1 00.0 


D.3 4 


Good 


2 0 


2.0 


1.00 


Att?0 3 1.00 


2 3 3 


> 1 0 14 


35 


1 00.0 


0.3 B 


Good 


2 1 


£0 


1.00 


G117O3 ; 0.50 


2 2 1 


> I o 14 


38 


1 00.0 


0.3 6 


Good 


22 


2.0 


1. 00 


fiaiOj 1 1.00 


2 2 3 


> I 0 14 


34 


1 00.0 


0.3 7 


Good 


23 


2.0 


1.00 


I 11 a 0 3 j O.5 0 


2 33 


> 1 0 M 


37 


1 00.0 


0.3 6 


Good 


24 


2.0 


1.00 


1 n 3 0 3 ; 1. 00 


22 1 


> 1 0 14 


38 


1 00.0 


Q.3 4 


Good 


25 


2.0 


1.00 


W0 3 0.50 


24 0 


> 1 O 14 


3 1 


I 00.0 


0.3 6 


Good 


26 


2.0 


1.00 


WOa 1.00 


2 22 


> 1 0" 


38 


1 00.0 


0.3 7 


Good 


27 


2.0 


1.00 


B i 3 0 3 0.5 0 


2 3 1 


> I O 14 


37 


1 00.0 


0.3 6 


Good 


2 8 


2.0 


1,00 


B i 3 0 3 1.00 


232 


> I O 14 


33 


1 00.0 


0.35 


Good 


29 


2.0 


100 


PbO 0.50 


2 37 


> 1 0 l « 


3G 


i 00.0 


0.33 


Good 


30 


2.0 


1.00 


PbO 1.00 


2 36 


> 1 O* 1 * 


35 


1 00.0 


Ol4 0 


Good 


3 I 


2.0 


1.00 


SbjOa 0.50 


2 38 


> 1 o 14 


3 1 


I 00.0 


0.3 6 


Good 


32 


2.0 


1.00 


Sb?0 3 ! 1.00 


2 33 


> I 0* 4 


32 


1 00.0 


0L36 


Good 


33 


2.0 


1.00 


CdO 


0.5O 


2 32 


> I 0 M 


33 


1 00.0 


□ 3 3 


Good 


34 


2.0 


1. 00 


CdO 


1.00 


2 2 2 


> I 0* 4 


34 


1 00.0 


0.3 5 


Good 


35 


2.0 


1.00 


ZnO 


0.5 0 


2 t 3 


> 1 0» 4 


35 


1 00.0 


0.3 7 


Good 


3«> 


2.0 


l.on 


ZnO 


1.00 


2 I 5 


> 1 0 14 


32 


1 0 0.0 


0.38 


Good 


37 


2.0 


1.00 


Afi^Oa j 0.50 
in 3 0 3 ; 0.5 0 


237 


> a o» 4 


39 


1 00.0 


0.35 


Good 


38 


20 


1.00 


ACsOs j O.GO 
WO 3 O.GO 


23a 


> 1 0»< 


37 


L 0 0.0 


0L34 


Good 


3 9 


2.0 


1.00 


CdO 0.3 0 
Sh 7 0 3 0.30 


2 40 


> 1 0>< 


34 


1 00.0 


0.3 7 


Good 


4 0 


2.0 


1.00 


A^0 3 a30 
ln 7 0 3 O.2 0 
PbO O.50 


232 


> 1 0» 4 


3 5 


1 00.0 


0.3 5 


Good 
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Table 8-1 



No. 


Y : 0 3 

oarts by 


Zn 


Additive 


Thermal 


Emulation 
resistance 

Qcm 


Strength 
kg/mm 1 


Relative 
oensrty 


Surface 
roughness 

Ra (urn) 


Appearance 


I pans by 


l parti Oy 
\ weight 


W/mK 


1 


2.0 


i.on 


L i 2 0 0. S 0 


A fi 2 0 a 0. 2-0 


2 I 3 


> I 0 ' 4 


3 2 


1 0 0. 0 


0.3 I 


Good 


2 


2.0 


1.0 0 


| ( i i 0 0.5 0 


0 n 2 0 a p. 1 0 


2 2 1 


> 1 0 14 


3 3 


1 0 0.0 


C. 3 2 


Good 


3 


zo 


1.0 0 


L i 3 0 0. ft 0 


1 n 7 0 a p. 5 0 


2 2 3 


> 1 0' 4 


3 4 


1 0 0. 0 


C.3 2 


Good 


4 


2.0 


1.0 0 


L i 7 0 0. ft 0 


W 0 3 0. 3 0 


2 2 l 


> I o* 4 


3 4 


I 0 0. 0 


C.3 I 


Good 


5 


2.U 


1.0 0 


L i 2 0 ; 0. ft 0 


11 i 7 0 a 0.1 0 


2 I 9 


> 1 0* 4 


3 3 


1 0 0.U 


a 3 3 


Good 


fi 


2.0 


1.00 


I. i 7 0 ; 0. 5 0 


PhO p. 2 0 


2 2 3 


> 1 u 14 


3 G 


i oao 


0.3 3 


Good 


7 i 2. 0 


1.0 0 


L t 7 0 'l.OO 


S b 2 0 a 0. 10 


2 2 4 


> t 0 14 


3 4 


i oao 


0.3 2 


Good 


a 


2.0 


1. 0 0 


L i 2 0 LOU 


CdO p. 3 0 


2 1 8 


> r o j4 


3 3 


i oao 


0.3 5 


Good 


!) 


ao 


1.0 o 


1. i a 0 'l.OO 


Z n 0 j 0. 3 0 


2 I 4 


> 1 o 14 


3 3 


i oao 


0.3 7 


Good 


i a 


2.0 


1. 0 0 


N n 7 0 ; 0.5 0 


A C i 0 j 0. 2 0 


2 2 3 


> i n» 4 


3 2 


i oao 


O. 3 3 


Good 


i i 


2.0 


l.fl 0 


N a 7 0 ' O.DU 


G a a 0 3 0. 1 U 


2 2 0 


> 1 0' 4 


3 4 


1 0 0. 0 


0.3 1 


Good 


) 2 


2.0 


1.0 0 


N a 9 0 ' 0. ft 0 


1 n 7 0 3 0. 5 0 


2 I 3 


> l o ■* 


3 4 


1 0 0. 0 


0.3 2 


Good 


i 3 


2.0 


1. 0 0 


N n 7 0 1 0. 5 0 


W 0 3 p. 3 0 


2 1 8 


> 1 0' 4 


3 3 


l 0 0. 0 


0.3 4 


Good 


1 4 


2.0 


1.0 0 


N a 7 0 j 0. 5 0 


ii i j n 3 o. i o 


2 2 5 


> 1 0 14 


3 4 


l 0 0. 0 


2 :j 3 


Good 


t 5 


Z 0 


1.0 0 


N n 2 0 ' O.SU 


PbO 0. 2 (1 


2 I 0 


> 1 o 14 


3 G 


I 0 0. 0 


0.3 2 


Good 


\ G 


2.0 


LOO 


N a 7 f } LOO 


S b 7 0 3 - 0. 1 0 


2 2 3 


> I 0 1 4 


3 5 


l 0 0. 0 


0.3 1 


Good 


1 7 


2.0 


1.0 0 


N a 5 0 0. 5 0 


CdO ' o. :i o 


2 1 0 


> I 0 1 4 


3 4 


i oao 


0. 3 2 


Good 


t 8 


2.0 


J.O 0 


N a 7 0 LOO 


Z n 0 


0. 3 0 


2 1 7 


> I 0 1 4 


3 3 


1 0O.O 


0.2 9 


Good 


i a 


2.0 


1.0 0 


K 7 0 0.5 0 


A C 2 0 3 


O. 2 11 


2 2 1 


> 1 0 ' * 


3 3 


1 0 0.0 


0. 3 0 


Good 


2 0 


2. 0 


1.0 0 


K T O 0. ft 0 


G » 7 0 a 


0. t U 


2 1 4 


> 1 0 * 4 


3 1 


i oao 


0.3 t 


Good 


2 1 


2.0 


1.0 0 


K 7 0 0.5 0 


1 n 7 0 a ■ 0. 5 0 


2 2 0 


> 1 0 14 


3 5 


I oo.o 


0.3 2 


Good 


2 2 


2.0 


1. 0 0 


Kjl) 0. ft 0 


WO a 


0.3 0 


2 1 0 


> 1 0 » 4 


3 3 


1 0 0.0 


0.3 8 


Good 


2 3 


2.0 


i. n o 


K 7 0 0. ft 0 


U i 7 0 t 


0. 1 0 


2 I 2 


> 1 0 > 4 


3 2 


i oao 


0. 3 7 


Good 


2 4 


2.0 


I. 0 0 


K 2 0 0.S0 


I'bO 


0. 2 0 


2 2 5 


> 1 0' 4 


3 A 


1 0 0. 0 


0.3 4 


Good 


2 5 


2.0 


1.00 


K 7 0 1.0 0 


S b 7 0 a j 0. I 0 


2 I 8 


> 1 0 » 4 


3 3 


1 0O.O 


a3 4 


Good 


2 0 


2.C 


I. 0 0 


K ? 0 0. 5 0 


CdO 0. 3 0 


2 17 


> t O' 4 


3 2 


1 0 0. 0 


0.3 2 


Good 


2 7 


2.0 


1.0 0 


K 7 0 LOO 


Z n 0 0. 3 0 


2 2 2 


> I 0 1 4 


3 4 


I 0 0.0 


0.3 8 


Good 


2 8 


2-0 


i.on- 


B 7 0 -9 0. ft 0 


A A a 0 t 0. 2 0 


2 0 I 


> I 0 » 4 


3 4 


i oa o 


0. 4 0 


Good 


2 *J 


2.0 


J.O 0 


n 7 o 3 !o.5(i 


(iitiOj ; 0. I 0 


2 0 3 


> I 0 14 


3 3 


i oao 


0.4 2 


Good 


Table 8-2 


No. 


parts by 
wetpht 


Zn 
parts by 


Additive 


Thermal 

conductivity 
W/mK 


Insulation 
resistance 
Qcm 


Strength 
kg/mmr 


Relative 
density 
\ 


Surface 
roughness 
Ra turn) 


Appearance 




parts by 
w«uht 


1 parts by 
j w«irht 


3 0 


2.0 


1.0 0 


D 2 0 J 


0. 5 0 


1 n 3 0 a 0. 5 0 


2 0 2 


> 1 0 i4 


3 8 


1 0 0.0 


0.4 0 


Good 


3 t 


2.0 


1.0 0 




05 0 


WOi 0. 3 0 


2 0 3 


>10'^ 


3 2 


1 0 0. 0 


0.3 9 


Good 


3 2 


2.0 


i.O 0 


D 7 0 7 


0.5 0 


B i a 0 3 0. 1 0 


2 0 2 


> 1 0» 4 


3 t 


1 0 0. 0 


0.3 a 


Good 


3 3 


2.0 


1-0 0 


0 2 0 3 


0.5 0 


PbO 0. 2 0 


2 0 4 


> 1 o 14 


3 2 


1 0 0.0 


0.3 7 


Good 


3 4 


2.0 


1.0 0 


0 7 0 7 


1.0 0 


S b 2 0 a 0. 1 0 


2 0 2 


> I 0 14 


3 3 


I 0 0. 0 


0.3 6 


Good 


3 5 


2.0 


1.0 0 


B 7 0 a 


0.5 0 


CdO 0.3 0 


2 0 3 


> J 0» 4 


3 3 


1 0 0.0 


0.3 8 


Good 


3 6 


2.0 


1.0 0 


B 7 0 3 ! 


LOO 


ZnO p. 3 0 


2 0 4 


> 1 o 1 * 


3 2 


I 0 0. 0 


0.3 5 


Good 


3 7 


2.0 


1.0 0 


5 i 0 9 j 0. S 0 


A £ 3 0 3 0.2 0 


2 4 0 


>l O' 4 


3 1 


I 0 0.0 


0.3 2 


Good 


3 8 


2.0 


1.0 0 


S i 0 2 j 0.6 0 


G a 3 0 a ! 0. 1 0 


2 3 8 


> 1 O 14 


3 2 


1 0 0.0 


0.3 1 


Good 


3 9 


2.0 


1.0 0 


SiOi 0.5 0 


( n a 0 a 0. 5 0 


2 3 9 


> 1 0 14 


3 3 


1 00.0 


0.3 3 


Good 


4 0 


2.0 


1.0 0 


S i 0 7 0.5 0 


WO 3 0.3 0 


2 3 3 


> 1 o 1 * 


35 


i oao 


0.3 0 


Good 


4 1 


2.0 


1.0 0 


S i 0 2 0.5 0 


11 i 1 0 3 0. 1 0 


2 3 2 


>I0 H 


38 


i oao 


0.2 9 


Good 


4 2 


2.0 


LOO 


5 i 0 7 0.5 0 


PbO 0. 2 0 


2 3 1 


> ] 0'* 


33 


1 0 0.0 


0.2 9 


Good 


4 3 


2. 0 


1.0 0 


S i 0 7 1.00 


S b 2 0 s p. 1 0 


2 38 


> I 0 1 4 


34 


1 0 0.0 


0.3 0 


Good 


A A 


2.0 


1.0 0 


S 1 0 7 0. 5 0 


CdO p. 3 0 


2 37 


> 1 0 14 


3 3 


I 0 0. 0 


a] 1 


Good 


A 5 


2.0 


LOO 


S i 0 t 1.0 0 


ZnO 0. 3 0 


2 3 3 


> I 0 14 


3 2 


1 0 0.0 


0.3 2 


Good 


4 6 


2.0 


1.0 0 


C e 0 7 0.5 0 


A £ 7 0 s 0. 20 


2 2 1 


> 1 0 14 


3 2 


J 0 0.0 


a2 9 


Good 


4 7 


2.0 


LOO 


G e 0 j j a5 0 


G a a 0 a p. I 0 


2 2 2 


> ) 0 14 


3 1 


1 0 0. 0 


0.3 0 


Good 


4 8 


2.0 


LOO 


C e 0 7 0.5 0 


I n 3 0 a 0. 5 0 


2 2 5 


> 1 0 14 


3 4 


J 0 0.0 


0.2 9 


Good 


4 0 


2.0 


1.0 0 


C e 0 7 0.5 0 


W 0 a 0. 3 0 


2 1 9 


> 1 0 14 


3 3 


1 0 0. 0 


0.3 1 


Good 


5 0 


2.0 


LOO 


G e 0 7 0.6 0 


0 i i 0 i 0. I 0 


2 3 3 


> I 0 14 


3 5 


1 0 0. 0 


0.3 1 


Good 


5 I 


2.0 


1.0 0 


G<0 i ] 0. ft 0 


1' bO p. 2 0 


2 1 9 


> 1 0 14 


3 7 


i oao 


0.3 2 


Good 


5 2 


2.0 


1.0 0 


GeO j 1.0 0 


S b 2 0 a 0. 1 0 


20 9 


> 1 0 14 


3 8 


1 0 0.0 


0.3 1 


Good 


5 3 


2.0 


LOO 


G e 0 7 0.5 0 


CdO 0. 3 0 


2 I 2 


> 1 0 » 4 


3 8 


1 0 0. 0 


0.3 2 


Good 


5 4 


2.0 


1.0 0 


G e 0 2 : 1.00 


ZnO 0. 3 0 


2 2 1 


> J 0 1 4 


3 4 


t oao 


0.3 2 


Good 


S 5 


2.0 


1.0 0 


A 5 7 0 3 0. 5 0 


A C 7 0 a 0. 20 


2 4 1 


> 1 0« 4 


3 3 


t 0 0.0 


a3 3 


Good 


5 6 


2.0 


LOO 


A s 7 0 a p. 5 0 


G a 2 0 a 0. 1 0 


2 3 9 


> 1 0 14 


3 I 


1 0 0.0 


as o 


Good 


5 7 


2.0 


LOO 


AsiOj : 0. 5 0 


[ n 7 0 a : 0. 5 0 


2 3 7 


> 1 G» 4 


3 3 


i oao 


0. 3 A 


Good 


5 a 


2.0 


LOO 


A s 7 0 a j 0. 5 0 


W 0 3 ! 0. 3 0 


2 3 9 


> 1 0» 4 


3 4 


1 0 0.0 


2 3 2 


Good 
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Table 8-3 



No. 




Zn 


Additive 


TTwrnat 


Ertaiation 


Strength 
kg/mm 1 


Relative 


roughness 
Ra (urn) 


App«aranc« 


parts by 
weight 


Darts by 


! parts by 
t wttjrht 


! parts by 
1 waieht 


W/mK 


r««st«nc« 
Qcm 


density 


5 0 


2.0 


1.0 0 


A s j 0 a 


0.5 0 


U i a 0 a 


0.10 


2 3 7 


> 1 0 14 


3 5 


1 0 0. 0 


0.3 3 


Good 


6 0 


2.0 


1.0 0 


A S 3 0 3 


0.5 0 


P b 0 


a2 o 


2 3 3 


> 1 0 14 


3 3 


1 0 0. 0 


0. 3 2 


Good 


6 1 


2.0 


1.0 0 


A s 2 O a 


1.0 0 


S b a 0 j 


a i o 


2 3 2 


> 1 0 14 


3 2 


I 0 0. 0 


0.3 1 


Good 


6 2 


2.0 


1.0 0 


A s a 0 a 


• 0. 5 0 


C d 0 


a30 


2 3 B 


> i 0' 4 


3 5 


1 0 0. o 


0.3 2 


Good 


6 3 


2-0 


I. 0 0 


A s a 0 a 


: 1.0 0 


Z n 0 


0.30 


2 3 4 


> 1 0 i« 


3 1 


1 0 0. 0 


0. 3 2 




f> 4 


2.0 


J. 0 0 


P a 0 s 


•0.50 


A £ a 0 3 


0.2 0 


2 3 U 


> 1 0 14 


3 J 


1 0 0.0 


o.:i 4 


Good 


.6 S 


2.0 


1.0 0 


P 7 0 s 


j 0.5.0 


C n j 0 a 


0.10 


2 4 0 


> I 0 14 


3 6 


t 0 0. 0 


0.3 5 


Good 


6 6 


2. 0 


1.0 0 


P a » 5 


o. r, o 


1 n a 0 s 


0.50 


2 3 4 


> I 0 14 


3 5 


I 0 0. o 


0.3 3 


Good 


G 7 


2.0 


1.0 0 


H a 0 s 


as o 


WO □ 


0.3 0 


2 3 9 


> 1 0 14 


3 9 


1 0 0. 0 


0.3 2 


[ Good 


n a 


2.0 


i.n o 


P a 0 5 


0.5 0 


B i a 0 a 


* a i o 


2 3 4 


> I 0 1 4 


3 5 


1 0 0. 0 


0.3 4 


Good 


c *J 


^o 


1.0 0 


T a 0 a 


j as o 


P h 0 


• a 2 o 


2 3 4 


> I 0 14 


3 3 


1 0 0. 0 


0. 2 '.) 


Good 


7 0 


2.0 


1.0 o 


I'tOs 


j t.oo 


S h a 0 a 


0. 1 0 


2 3 2 


> 1 0 » 4 


3 2 


1 0 0. 0 


0.2 D 


Good 


7 i 


2.0 


i.o n 


P 7 0 5 


asn 


C d 0 


0.3 0 


2 3 fl 


> i a 


3 1 


J 0 0. 0 


a 3 2 


Good 


7 2 


2.0 


t.oo 


P a 0 s 


1.0 0 


/. nO 


0.3 0 


2 3 7 


>IQ'« 


3 0 


I 0 0.0 


0. 3 4 


Good 


7 a 


2.0 


1.0 0 


Li jO 
H a 0 a 


j 0.2 0 

• a 3 o 


A £ a 0 a 


0.2 0 


2 3 8 


> 1 0 > 4 


3 3 


1 0 0.0 


0. 3 2 


Good 


7 4 


2.0 


t.oo 


B a 0 a 


• 0.5 0 


A C 3 0 a 
I n a 0 3 


0.2 0 
0.3 0 


2 3 7 


> 1 0 14 


3 4 


1 0 0.0 


0.3 4 


Good 


7 5 


2.0 


1.0 0 


N a a 0 
5 t 0 a 


j 0. 1 0 
■ 0.3 0 


WO 3 

S b 2 O a 


0.2 0 
O. 2 0 


2 4 0 


> 1 0 14 


3 6 


i oao 


0.3 5 


Good 


7 6 


ZO 


1.0 0 


L i a 0 
P a 0 9 


■ 0.0 2 

j Q.3 a 


C d 0 
Z n 0 


0.2 0 
0.2 0 


2 4 t 


> 1 0 > 4 


3 8 


i oao 


0.3 G 


Good 


7 6 


2.0 


1.0 0 


K a 0 
+ 

A s a 0 a 
5 i 0 a 


j 0. 0 1 
f 0. 0 I 

j ao 5 


A * a 0 3 

C ri 0 
+ 

P b O 


a2 o 
a2 o 

1.0 0 


2 4 2 


> I 0 14 


3 5 


I 0 0. o 


0-3 7 


Good 



Table 9-1 



No. 


Y:0 3 
parts by 


L i 
parts by 
watcht 


Additive 


Thermal 


Insulation 
resistance 
Qcm 


Strength 
kg /mm 2 


Relative 
density 


Surface 
roughness 

Ra Uim) 


Appearance 




parts by 
*f*iitht 


j parts by 
j wAtrht 


W/mK 


1 


2- 0 


1.0 0 


C » H s 


0.5 0 


A« a 0s O.20 


2 2 1 


> 1 OH 


3 4 


1 oo.o 


0.3 2 


Good 




2 0 


1.0 0 


C a B 6 


O. S 0 


CoaOa 0.20 


2 2 2 


> 1 0»« 


3 4 


1 0 0. 0 


0. 3 4 


Good 


3 


2.0 


1.0 0 


C»H ( 


0.5 0 


1 o a 0 3 O. 2 0 


2 1 9 


> 1 0 •« 


3 5 


1 oo.o 


0.3 5 


Good 


A 


2.0 


1.0 0 


Cm IJ i 


0.5 0 


W O a 0.2 0 


2 2 3 


> 1 0' 4 


3 8 


I 0 0. 0 


0.3 6 


Good 


5 


2.0 


1.0 0 


C n Os 


0.5 0 


II i 3 O , O. 1 0 


2 2 8 


> 1 0' 4 


4 0 


I oo.o 


0.3 4 


Good 


R 


2 0 


1. 0 0 


c » n g 


0.5 0 


p b o a. i o 


2 2 0 


> 1 0 '* 


3 3 


I oo.o 


0. 4 O 


Good 


7 


2.0 


1.0 0 


C a if ■ 


0.5 0 


S b a 0 a 0. 1 0 


2 2 1 


> t 0 14 


3 7 


I oo.o 


0. 3 7 


Good 


H 


2.0 


1.0 0 


CaDe 


0.5 0 


C iJ f) 0.3 11 


2 1 ft 


> 1 0" 


3 9 


I oo.o 


0.3 G 


Good 


9 


2.0 


1.0 0 


C n Dc 


0.5 0 


Z n 0 O. 3 0 


2 3 2 


> 1 O 14 


3 0 


1 0 0. 0 


0.3 4 


Good 


1 0 


2.0 


I. 0 0 


C u 3 N a j 0. f> 0 


A * a 0 a 0-20 


2 3 8 


> 1 0*« 


3 2 


i a o.o 


0.3 5 


Good 


1 I 


2.0 


1.0 0 


Cnstfa 0.50 


J n a O a j Q. 2 0 


2 3 2 


> 1 o J « 


3 4 


I 0 0.0 


a 3 1 


Good 


1 2 


2 0 


I. (1 0 


C a j N a 0.5 0 


W 0 a O. 2 0 


2 3 5 


> J o 14 


3 5 


I 0 0.0 


0.3 O 


Good 


I 3 


2. 0 


I. 0 0 


C i% s N a 0.50 


0 i 3 0 i ! O. 1 0 


2 :i 0 


> 1 0» 4 


3 3 


I oo.o 


0.2 9 


Good 


1 4 


2 0 


1. 0 0 


C» 3 N* 0. 5 0 


P b 0 O. 1 0 


2 2 5 


> 1 O 14 


3 4 


1 0 0.0 


0. 3 O 


Good 


t 5 


2.0 


i. (j n 


C m 3 N , 0. 5 0 


S b a 0 a 0.10 


2 3 0 


> 1 0 14 


3 5 


I 0 0. 0 


0. 3 3 


Good 


. i n 


2. 0 


1.00 


C o a N j 0.5 0 


C d 0 0. 3 0 


2 1 1 


> t 0 14 


3 4 


I 0 0. 0 


0.3 5 


Good 


i i 


2. 0 


i.O 0 


C ft 3 N 7 0.5 0 


7. n 0 ; Q. 3 0 


209 


> 1 0 14 


3 3 


1 0 0.0 


0.3 2 


Good 


1 8 


2.0 


1.0 0 


0 a S 0.5 0 


A Z a 0 a 


O. 2 0 


2 3 2 


> I 0" 


3 6 


1 0 0.0 


a:iH 


Good 


I *J 


2-0 


I . () 0 


H n S 0.5 0 


W O 3 


0. 2 0 


r 2 2 0 


> 1 0 14 


3 8 


1 0 0.0 


a. 3 4 


Good 


2 0 


2.0 


I. 0 0 


HaS | 0.50 


n i a o a 


0. t 0 


2 1 7 


> 1 0 14 


3 4 


1 0 0. 0 


0.3 3 


Good 


~Z 1 


2-0 


I. o <> 


11 n 5 0.5 0 


HbO { O. 1 0 


2 2 2 


> I 0 14 


3 r» 


I 0 0. o 


0. 3 4 


Good 


2 V! 


2.0 


1.0 o 


H » S O. 5 0 


S b a 0 a O. 1 0 


2 1 9 


> t 0 14 


3 G 


1 0 0.0 


0.3 1 


Good 


2 3 


2. 0 


t. O 0 


0 n S 05 0 


c a o o.:io 


2 0 i> 


> 1 0»« 


3 5 


i o a o 


o. :i ;j 


Good 


2 4 


2.0 


I.OII 


U a S 0. 5 0 


7. n O 0,3 0 


2 3 7 


> 1 0 » 4 


3 2 


1 0 0.0 


O. 3 7 


Good 


2 5 


2.0 


i. o a 


M o S i a 0.5 0 


a e a o a o. a o 


1 0 0 


> 1 O** 


3 5 


i o o. n 


0.3 7 


Good 


2 6 


2.0 


l.O o 


M o S i 3 j 0. 5 0 


W O a O.2 0 


2 0 2 


>I0'* 


<! 1 


i oo.o 


0.3 8 


Good 


2 7 


2.0 


l.O 0 


M o S i i a 0. 5 0 


D i i 0 s : O. 1 0 


2 1 0 


> 1 0 '* 


3 1 


i oa o 


O. 3 7 


Good 


2 8 


2.0 j 


l.O 0 


M o S i a j 0. 5 0 


C rf 0 j 0. 3 0 


2 0 5 


> 1 0 14 


3 1 


I 0 0. 0 


0.3 5 


Good 
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Table 9-2 



No. 


Y t 0 3 


Li 


Additive 


Therm*) 


kmJatton 


Strength 
kg/ mm 1 


Relative 


roughness 
Ra (urn) 


Appearance 


Darts by 
w*rht 


parts by 
waifht 


j parts by 
j weicht 


I parts by 
j wetetrt 


W/mK 


resistance 
Qcm 


density 
\ 




2 0 


a. 0 


1.0 0 


MoS i 1 


0.5 0 


ZnO 


0.3 0 


2 0 7 


>I0'< 


3 3 


1 0 0.0 


0.3 6 


Good 


3 0 


10 


1.0 0 


C a H a 


0.5 0 


AijOj 


0. 2 0 


2 4 0 


> i 0'* 


3 3 


I 00.0 


0.3 7 


Good 


3 I 


Z 0 


1.0 0 


C a H 3 


•0.50 




' 0. 2 0 


2 3 9 


> 1 0 1 4 


•) i> 


1 0 0. 0 


0.3 4 


Good 


3 2 


2.0 


1.0 0 


CaH 7 


j 0.5 0 


I n a 0 a 


• 0.2 0 


2 3 5 


> 1 0 14 


3 4 


1 0 0.0 


0.3 5 


Good 


3 3 


zo 


1.0 0 


C a H a 


0.5 0 


WO 3 


0.2 0 


2 3 0 


>I0 14 


35 


t 0 0. 0 


0.3 3 


Good 


3 4 




1.0 0 


C A H 7 


0. 5 0 


B i a 0 i 


0,10 


2 0 2 


> 1 0» 4 


33 


i no. (5 


o. :v 4 


Good 


3 5 


zo 


1.0 0 


CnH, 


0.5 0 


P b 0 


0.10 


2 0 0 


> 1 0 M 


33 


1 t)0.0 


0.3 r» 


Good 


3 fi 




1.0 0 


CuH] 


0.5 0 
■— 


S b a 0 j 


0. 1 0 


2 1 1 


> I 0 14 


3 4 


] 00.0 


0.3 3 


Good 


3 7 


2.0 


i.o n 


CaHj 


0-5 0 


Cd 0 


0.3 0 


2 1 3 


>!0'* 


3 4 


I 0 0.0 


0.3 I 


Good 


3 fl 


ZO 


1.0 0 


CnH] 


0.5 0 


2 n 0 


0.3 0 


2 2 0 


> 1 0 J4 


3 6 


I 0 0.0 


0.3 2 


Good 


3 0 


zo 


1.0 0 


LuQt 

+■ 

C»H] 


• 0.2 0 
j 0.3 0 


WO 3 


| 0.2 0 
1 


2 3 8 


> 1 0 H 


3 6 


i 0 0. 0 


0.3 5 


Good 


4 o 


zo 


1.0 0 


La 8 c 


} 0. 5 0 

j 


A « 2 0 3 

Cd 0 


| 0.2 0 
j 0.3 0 


2 3 9 


> 1 0» 4 


37 


1 0 0.0 


0.3 6 


Good 


4 L 


zo 


1.0 0 


7. ii S 
B a S 


[ 0.2 0 
j 0. 3 0 


C d 0 
+ 

ZnO 


| 0.2 0 
j 0.2 0 


Z30 


>I0>« 


4 0 


1 0 0.0 


0.3 6 


Good 


4 2 


zo 


1.00 


C aS 
C aH a 
CojNj 


j 0.2 0 
j 0.2 0 
| 0. I 0 


S b 2 0 i 
+ 

P b 0 
+ 

ZnO 


! 0.2 0 
0.2 0 
1.0 0 


2 4 4 


>10" 


3 9 


1 0 0. fj 


0.3 0 


Good 



Table 10-1 



No. 


wt % 


B 
wt% 


Additive 


Thermal 
conductiv 


InsUatjon 
resistance 
Qcm 


Strength 
kg/ mm* 


Relative 
density 
\ 


Surface 
roughness 

Ra (um) 


Appearance 




wt % 


j wt% 




wtS 


-rty 
W/mK 


1 


ZO 


1.0 0 


Afia 0 3 


1. 00 


La Be 0.5 0 


L i a 0 


0.2 0 


223 


> 1 0'* 


32 


I 00.0 


0.3 4 


Good 


2 


ZO 


1.00 


Afi 3 Oa 


1.00 


La Be 0.5 0 


KaO 


0.2 0 


224 


> 1 o 14 


35 


1 00.0 


0.3 4 


Good 


3 


2.0 


1. 00 


A£a0 3 | 1.0 0 


La Be 0.5 0 


B a 0 3 


0.2 0 


232 


> 1 0'* 


37 


1 00.0 


0.3 3 


Good 


4 


ZO 


1.00 


A«?0a ji.00 


L a B « 0.5 0 


S iOa ■ 


0.2 0 


2 1 a 


> 1 0» 4 


35 


1 00.0 


0.34 


Good 


5 


zo 


1.00 


ACjOs 1.00 


LaDc 0.5 0 


GeO? jO.20 


220 


> 1 o 14 


39 


1 00.0 


0.3 7 


Good 


6 


zo 


1.00 


ACaOa 1.00 


La Be 0.5 0 


P3O5 0.2 0 


220 


> 1 O' 4 


37 


1 00.0 


0.3 3 


Good 


7 . 


zo 


1.00 


A£aOa 1.00 


La Be 0.5 0 


A s a 0 3 0.20 


2 1 8 


> 1 0> 4 


36 


1 00.0 


0.3 2 


Good 


a 


zo 


0.2 0 


ZnO 0.50 


Mk » N a ZOO 


B a 0 3 0. 1 0 


209 


> 1 o 14 


34 


1 00.0 


0.3 4 


Good 


9 


zo 


0.2 0 


ZnO 0.50 


Ca f N? ZOO 


B a 0 3 0. 1 0 


2 1 0 


> 1 O 14 


34 


I 00.0 


0.3 4 


Good 


t 0 


zo 


0.2 0 


ZnO 0. 5 0 


La Be 2.0 0 


8 a 0 3 0. 1 0 


233 


> 1 0> 4 


33 


1 00.0 


0.3 3 


Good 


1 1 


zo 


0.2 0 


ZnO 0.5 0 


CaBs ZOO 


0 3 Oa 0.1 0 


23S 


> 1 O 14 


36 


1 00.0 


0.3 4 


Good 


I 2 


2.0 


0.2 0 


ZnO 0.50 


CaS ZOO 


BaOa aiO 


220 


> 1 O' 4 


36 


1 00.0 


0.3 3 


Good 


1 3 


2.0 


0.2 0 


ZnO 0. 5 0 


N»?5 ZOO 


8 3 O3 0.1 0 


202 


> 1 o 14 


35 


I 00.0 


0.25 


Good 


1 4 


ZO 


0.2 0 


ZnO. 0.50 


A I P ZOO 


D j 0 3 0.1 0 


2 1 5 


> 1 o 1 * 


33 


1 00.0 


0.3 4 


Good 


1 5 


zo 


0.2 0 


ZnO 0.50 


CniP? Z5 0 


B a 0 3 0.1 0 


232 


> 1 o 14 


32 


1 00.0 


0.3 6 


Good 


1 6 


zo 


0.2 0 


ZnO 0.50 


Ma S i 7 2.5 0 


B 3 0 3 0.10 


205 


> I O' 4 


3 1 


1 00.0 


0.3 5 


Good 


) 7 


zo 


0.2 0 


ZnO 0.5 0 


ZraSi ZOO 


B 3 0 3 j 0.1 0 


20 1 


> I 0» 4 


33 


i 00.0 


0.3 5 


Good 


i a 


zo 


0.2 0 


ZnO 0.50 
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